Objectives: Although osteoarthritis (OA) is a common condition in older adults, the role of OA in increasing cardiovascular disease (CVD) incidence is still debated. The aim of this study was to investigate the association between OA and the onset of CVD in a large database of American adults. Design: Longitudinal. Setting: Community-dwelling. Participants: People with OA or at high risk of OA. Measurements: Osteoarthritis was defined as the presence of OA of the hand, knee, hip, back/neck or of other sites. CVD was defined as self-reported presence of heart attack, heart failure, stroke and other cerebral atherosclerotic conditions, and peripheral artery disease. Results: A total 4,265 persons without CVD (mean age=60.8 years, females=59.2%) at baseline were analyzed (1,775 with OA versus 2,490 without). Over a mean of 8.2 years, according to an adjusted Cox's regression analysis for 11 potential baseline confounders, study participants with OA of any joint had a significantly higher risk of developing CVD compared to those without OA (Hazard ratio (HR): =1.27; 95% CI: 1.03-1.56). The presence of hand OA was associated with a higher risk of developing CVD (HR=1.31; 95%CI: 1.01-1.68) with respect to those who had no OA. Knee, hip and back/neck OA did not, instead, increase the risk of developing CVD. The association between OA and CVD was significant in the women, but not in the men. Conclusions: OA, in particular, when it affects the hand and in women, was associated with a higher risk of developing CVD.
Introduction
One of the most common causes of years lived with disability are chronic musculoskeletal disorders (1) . Osteoarthritis (OA) accounts for a considerable amount of this burden (2), with lower limb OA ranked the 11th highest contributor to global disability (2). The prevalence of OA has been estimated as 10% in men and 20% in women over the age of 60 years having OA across the world (3) .
Increasing research is showing that OA might increase the risk of cardiovascular diseases (CVD) for several reasons. First, both OA and CVD share similar risk factors, namely low physical activity, hypertension, depression and obesity (4) (5) (6) . Secondly, compared to healthy controls, OA is often characterized by some degree of low-grade inflammation, another potential CVD risk factor (7) . Finally, the modifications of extra-cellular matrix, typical of OA (8) , could further increase the risk of CVD (9) .
As summarized by a recent meta-analysis including 15 cross-sectional studies and more than 32 million of participants, there is a strong association between OA and CVD (10) . Individuals with OA were almost three times as likely to have heart failure or coronary heart disease compared with matched non-osteoarthritis cohorts (10) . Conversely, the longitudinal studies are still limited and with contrasting results. Three studies (11) (12) (13) reported that the presence of OA significantly increased the onset of CVD, while another large cohort study reported no such significant association (14) , particularly after adjusting for the presence of disability. However, these studies presented some limitations, most notably for limited adjustment for potential confounders. Finally, due to the different criteria adopted, it was difficult to ascertain whether only symptomatic or radiological OA predicted the onset of CVD.
The purpose of this study was thus to determine whether: i) people with OA are at increased risk of incident CVD compared to people without OA; ii) exists any difference among sites usually affected by OA (hand, hip, knee, back/ neck, other) in predicting CVD onset; and iii) if any difference between self-reported and clinical/radiological OA exists in predicting CVD onset.
Methods

Data source and subjects
All participants in this study were recruited as part of the ongoing, publicly and privately funded, multicenter, and longitudinal Osteoarthritis Initiative (OAI study) (http://www. oai.ucsf.edu/). Specific datasets used are those recorded during baseline and screening evaluations (November 2008) (V00) and those evaluating the participants until the last evaluation available (96 months; V10 had knee osteoarthritis and reported knee pain in a 30 day period in the past 12 mo or 2) were at high risk of developing knee osteoarthritis (e.g., overweight or obese, knee injury or operation, parents or siblings with total knee replacement, frequent knee-bending activities that increase risk, and hand or hip osteoarthritis). All of the participants provided written informed consent. The OAI study protocol was approved by the institutional review board of the OAI Coordinating Center, University of California at San Francisco.
Exposure
The diagnosis for OA in our analysis was self-reported for the most common sites usually affected by OA (knee, hip, hand, back/neck, and other joints) asking to participant if one doctor said that he/she suffers from OA during his/her life. A summary variable ascertained as the presence of at least one site affected by self-reported OA was then calculated.
Since for knee OA, radiological diagnosis was also ascertained, an additional analysis was undertaken assessing knee OA defined as a combination of the clinical reporting and assessment of pain and stiffness (i.e. pain, aching or stiffness in or around the knee on most days during the last year), and radiographical OA on the baseline fixed flexion radiograph based on the presence of tibiofemoral osteophytes (correspondent to Osteoarthritis Research Society International atlas grades 1-3, clinical center reading).
Outcomes
The main outcome of interest was the onset of CVD during the follow-up period. As for OA, CVD was recorded through self-reported information.
We defined the development of CVD as the presence of heart attack, heart failure, unclog or bypass arteries in legs, and stroke, cerebrovascular accident, blood clot in brain, or transient ischemic attack. The presence of CVD in the OAI was recorded, other than baseline, during the V3 (24 months), V6 (48 months) and V10 (96 months).
Covariates
A number of variables was identified from the OAI dataset to explore the relationship between OA and incident CVD. These included: (1) physical activity evaluated through the Physical Activity Scale for the Elderly, a validated scale for assessing physical activity level in the elderly (15) . The scale covers 12 different activities, such as walking, sports, and housework, and is scored from 0 to 400 and more (no maximum score has been defined); (2) race was defined as "whites" vs. others; (3) smoking habits as "previous/current" vs. never; (4) educational level was categorized as "degree" vs. others; (5) yearly income as < and missing data vs. > 50,000 $; (6) co-morbidities assessed through the modified Charlson comorbidity score, with higher scores indicating an increased severity of conditions (16) ; and (7) body mass index (BMI) recorded by a trained nurse. Among the several medical conditions assessed through the Charlson co-morbidity score, we reported descriptively the prevalence of some common diseases that could influence the association between OA and CVD, namely diabetes and cancer. Hypertension was diagnosed through self-reported information or in case of systolic blood pressure >140 and/or diastolic blood pressure > 90 mmHg. Blood pressure in the OAI study was measured by a trained nurse following a standard approach.
Statistical analyses
For continuous variables, normal distributions were tested using the Kolmogorov-Smirnov test. The data are shown as means and standard deviations (SD) for quantitative measures, and frequency and percentages for all discrete variables by OA presence at baseline. P-values were calculated for continuous variables using the independent Student T-test and for categorical parameters the chi-square test by OA presence at baseline.
Multivariate Cox's regression models were conducted using as exposure the presence of OA and as outcome incident CVD at follow-up visits. People dead during follow-up period were censored. Time to event was calculated as time to first CVD event.
Factors which reached a statistical significance between participants with OA vs. those without or significantly associated with CVD at follow-up (taking a p-value<0.05 as statistically significant) were included. Multi-collinearity among covariates was assessed through variance inflaction factor, taking a cut-off of 2 as reason of exclusion, but no variable was excluded for this reason. The basic model was not adjusted for any confounders, while the fully adjusted model included baseline values of: age (as continuous); gender; race (whites vs. others); BMI (as continuous); education (degree vs. others); smoking habits (current and previous vs. others); yearly income (categorized as > or < 50,000$ and missing data); PASE score (as continuous); Charlson comorbidity index (as continuous); presence of hypertension (yes vs. no); and use of analgesic drugs (yes vs. no). Data of Cox's regression analysis were reported as hazard ratios (HRs) with correspondent 95% confidence intervals (CIs).
In secondary analyses, specific joints affected by OA (categorized as knee, hip, hand, back/neck, or other joints) and the presence of knee OA, defined through radiological and clinical criteria, were taken as exposure variables. Participants without any presence of OA were taken as reference also in these analyses.
To test the robustness of our analyses, sensitivity analyses were conducted evaluating the interaction between the presence of self-reported and radiological/clinical diagnosis of OA and selected factor (e.g. gender, race, education, smoking habits, yearly income and presence/absence of diseases at baseline) in predicting CVD at follow-up. Gender emerged as potential moderator of our analyses (p for interaction <0.001). Thus the data are presented also by gender.
All analyses were performed using the SPSS 21.0 for Windows (SPSS Inc., Chicago, Illinois). All statistical tests were two-tailed and statistical significance was assumed for a p-value <0.05.
Results
Study participants
At baseline, among 4,796 potentially eligible individuals, we excluded 313 had already a CVD, 21 did not have any information regarding OA and 197 without data during followup evaluations, obtaining a final sample of 4,265 participants
Baseline analyses
Overall, 4,265 participants (1,740 Males; 2,525 Females) with a mean age of 60.8±9.1 (range: 45-79) years were eligible for inclusion in the current study. At baseline, 1,775 people with OA (41.6%) were compared with 2,490 participants without OA.
The baseline characteristics of the OA and non-OA participants are summarized in the Table 1 in the sample as whole and divided by gender. Independently from gender, participants with OA were significantly older and used more frequently analgesic drugs than those without OA. In men, participants with OA were more frequently obese, smokers, diabetic than those without OA, whilst in women, participants with OA were more frequently whites, sedentary (as shown by lower PASE scores), more educated and with a higher presence of co-morbidities as shown by higher Charlon's score (Table 1 ). 
Association between baseline osteoarthritis and incident cardiovascular disease
After a mean period of 8.2 years, 416 individuals (9.8% of baseline population) (113 developed heart attack, 190 heart failure, 151 strokes or other cerebrovascular conditions, and 72 peripheral artery disease) developed a CVD event. The global incidence rate of CVD was 16 (95% CI: 0-41) events for 1000 persons-year. As shown in Figure 1 , the incidence of CVD was significantly higher in those having OA at baseline compared to those without (OA: 17; 95% CI: 0-48 vs. no OA: 14; 95% CI: 0-37/1000 events for 1000 persons-year; p<0.001). Table 2 shows the Cox's regression analyses by OA presence and for OA specific site. Taking those without any presence of OA as reference and after adjusting for 11 potential baseline confounders, OA was associated with a significant higher risk of CVD (HR=1.27; 95% CI: 1.03-1.56, p=0.02), particularly when OA affected hand (HR=1.31; 95% CI: 1.01-1.68, p=0.04). The association between any site OA and incident CVD remains significant in women (HR=1.50; 95% CI: 1.13-2.00, p=0.005), but not in men (Table 2 ). In women, OA affecting hip (HR=1.51; 95% CI: 1.00-2.27, p=0.048) and hand (HR=1.65; 95% CI: 1.21-2.24, p=0.001) increased the risk of CVD, whilst in men no site was at increased risk of developing CVD.
Knee OA defined through radiological and clinical presence, did not show any significant association with incident CVD in the sample as whole (HR=0.94; 95% CI: 0.76-1.15, p=0.52), nor in men (HR=1.03; 95%CI: 0.76-1.34, p=0.85) or in women (HR=0.85; 95% CI: 0.64-1.14, p=0.28).
Discussion
In this large prospective study, we have demonstrated that the presence of OA at the baseline significantly increased the risk of CVD during follow-up period of about 27%. Among the sites investigated in our analysis only hand OA was associated with an increased risk of CVD in the whole sample whilst, in women, also hip OA increased the risk of CVD. The association of OA with CVD was significant only in women, suggesting important gender differences.
In this cohort, OA seemed to be a quite strong predictor of the onset of CVD at follow-up. Several mechanisms have been suggested to explain the association between OA and CVD (17) . Firstly, the conditions in common between OA and CVD, such as age, hypertension and obesity. Among these factors, the association between OA and hypertension is relevant. Previous research has in fact reported that, among all potential CVD risk factors, hypertension is the most common prevalent in people having OA for several reasons, including alterations of extra-cellular matrix typical of OA that could lead firstly to hypertension and finally to CVD (7, 9) . Secondly, a greater use of anti-inflammatory drugs by people with OA could contribute to the onset of CVD (18) . However, our analyses were adjusted for these potential confounders, suggesting that other pathways are probably involved. Thirdly, OA probably promotes the onset of other potential CVD risk factors during follow-up (e.g. physical inactivity, obesity, disability) that could contribute to the higher CVD risk in our association (19) . Finally, changes in extracellular matrix remodeling or an altered Wnt signaling transduction may play a role in the development of CVD in people with OA (20) . Previous longitudinal studies on the possible association between OA and CVD produced not univocal results. Whilst Nueusch et al. (11) found that OA increased the risk of CVD (14) . This finding is probably due to the different criteria used to diagnose OA: Hoeven et al. (14) used a clinical-radiological diagnosis of OA, whilst we used a self-reported information regarding the presence of OA as primary analysis. As confirmed by our results, it is likely that only symptomatic, and not to radiographic OA, is associated with a higher CVD risk. Among the sites investigated in the sample as whole, only OA affecting the hand emerged as possible risk factor for CVD. The topic if hand OA could increase the risk of CVD is again controversial. Some cross-sectional studies, in fact, have shown that hand OA is associated with a higher presence of CVD, also in pre-clinical forms. For example in a study involving 5,342 older participants, hand OA was associated with a significant higher presence of carotid plaques, coronary and aortic calcifications, particularly in women (22) . It is known that hand OA is linked to the menopause more strongly than other sites (23) and the subsequent decrease in circulating endogenous estrogens, a feature which has also been linked to an increase in CVD rate (24) . However, some longitudinal studies have shown that hand OA was not associated with higher risk of CVD onset (12, 25) . Therefore, other studies are needed to disentangle this topic.
When we analyzed our data separately by gender, OA only emerged as a significant CVD risk factor only in women, in agreement with the literature regarding this topic (26) . Even if why the association between OA and CVD is significant only in women is unclear. One hypothesis is that women make more use of analgesic drugs for these conditions than men, because they are more sensitive to pain (17) . Since these drugs have an unfavorable CVD profile, it is likely that this factor may play a role. Another possible explanation could be extracellular matrix (ECM) remodeling after menopause since, before this period of life, women are at decreased CVD risk than men. It is known that ECM is altered in OA (particularly in the cartilage joints) (27) , but this process probably involves also arteries and heart (9). Since after menopause the alterations of ECM is more rapid in women than men due to the loss of estrogens (24) , it may be that these changes make the onset of CVD more likely in women than in men. Third, other researches have proposed that other pathways are probably involved in this gender difference, e.g. tool-like receptors (TLRs) pathways are more altered in post-menopausal women than men (28) , and play a part in both OA (29) and CVD (28) . Finally, we should acknowledge that men are less represented in the OAI than women and so a type II error for analyses regarding men is possible.
Our findings should be considered within the limitations of our study. First, as mentioned before, the diagnosis of OA was self-reported, except for knee OA. Second, also the diagnosis of CVD and the comorbidities was self-reported and this could create a bias. The lack of data regarding medications could introduce another bias: for example, we found a prevalence of hypertension of 20%, whilst in people aging about 60 years it is estimated in about 50% (30) . Similarly, some drugs commonly used in the elderly (e.g. duloxetine) that could increase the risk of hypertension were not used as potential confounders in our analyses. Third, we don't have any information regarding CVD mortality and other cardiovascular events, such as hospitalization for CVD, that our recent research has shown been associated with the presence of OA (12) . Fifth, people with OA at the baseline had already a higher prevalence of several CVD risk factors that could increase the risk of incident CVD. Although we have adjusted our analyses for all these factors, a selection bias could be not excluded. Finally, we did not assess any inflammatory marker, although inflammation could be associated with higher CVD risk (31) . Nonetheless, allowing for these caveats, our study involves a large population and the follow-up period seems to be appropriate for our outcome of interest. Moreover, we adjusted our analyses for multiple important confounders, thus strengthening our results.
In conclusion, our study demonstrated that people with OA are significantly associated with an increased risk of the onset of CVD in middle-aged and older participants over an eight-year period. Since some interventions aiming to improve OA symptoms (e.g. increasing physical activity and weight loss reduction) seem to be effective from a cardiological perspective, further studies are needed to better understand if to treat OA is able to decrease CVD risk in these individuals.
